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Morphometric analysis of pre-eclampsla in women biopsied in preg-
nancy and post-partum. The importance of endothelial cell swelling and
subepithelial deposits in producing capillary wall thickening in women
with pre-eclampsia is controversial. In this study renal biopsy tissue
from 16 women with a diagnosis of pre-eclampsia was analyzed
morphometrically. Women biopsied during pregnancy (N = 6) showed
substantial, electron-dense subendothelial deposits in capillary loops,
but these were rare or absent in women (N = 10) biopsied post-partum(P c 0.01). Endothelial cell swelling was present in both groups of
patients to an equal degree. Mesangial cell interposition occurred but
was not the dominant feature, and was similar in both pregnancy and
post-partum biopsies. The median percentage per patient occupied by
basement membrane was similar for both groups. Subendothelial de-
posits appear to resolve early in the post-partum period.
Pre-eclampsia is a clinical diagnosis characterized by hyper-
tension and proteinuria arising during pregnancy and resolving
post-partum [11. Since similar clinical manifestations may ac-
company pregnancy in women with pre-existing renal or car-
diovascular disease, the only certain method of distinguishing
between such conditions is the demonstration of the character-
istic renal histology of pre-eclampsia [21.
Early reports of the typical glomerular appearances on light
microscopy of pre-eclampsia [3, 4] described swelling of gb-
merular tufts and expansion of the capillary wall resulting in
complete or partial obliteration of the capillary lumen. Subse-
quently, particularly after the availability of electron microsco-
py, the nature of the expansion of the capillary wall has been
debated. Basement membrane "thickening" [5], endothelial
cell expansion [6, 71, subendothelial deposits [8, 91, and mesan-
gial interposition [10, 11] have all been described. The differ-
ence in emphasis on the various components of gbomerular
change in prc-cclampsia might be explained by lesions devel-
oping in sequence [12], so that glomcrular appearances might be
determined by the timing of renal biopsy,
In an attempt to resolve this issue we have performed a
morphometric analysis of electron micrographs of glomeruli
from two groups of patients with a clinical and histologic
diagnosis of pre-eclampsia. The first group were biopsied during
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pregnancy or at Caesarean section, and the second group in
early post-partum between three and nine days post-partum.
Methods
Sixteen patients with a clinical diagnosis of pre-eclampsia
were reviewed. All of these patients had developed hyperten-
sion and proteinuria during pregnancy which resolved in the
early post-partum period. Patients were identified from comput-
erized records of renal biopsy appearances and clinical details
were obtained only after morphometric analysis had been
completed. Six of the women underwent renal biopsy either
while pregnant (between 20 and 26 weeks gestation) or at the
time of Cesarean section (between 28 and 30 weeks gestation).
The other 10 women were biopsied between three and nine days
post-partum.
The processing and staining of tissues for light microscopy
has been described in detail elsewhere [131. Every patient
exhibited the characteristic light microscopic appearances of
pre-eclampsia [14].
Tissue for electron microscopy was initially fixed in 2%
glutaraldehyde, buffered to a pH of 7.0 with 0.2 M sodium
cacodylate buffer for a minimum of two hours, then fixed in 1%
osmium tetroxide (aqueous) for one hour at 4°C. Tissue was
either embedded in L.R. White (medium) resin or Epon 812
according to the method previously detailed [131. Survey sec-
tions were stained with 1% toluidene blue and glomeruli were
sectioned with a diamond knife to an interference color silver,
prior to examination with the electron microscope.
Morphometric analysis of electronmicrographs was per-
formed on a digitalizer (Hewlett-Packard, Elkhart, Indiana,
USA) interfaced with a computer programmed to measure
closed areas. A single observer performed all analysis without
knowledge of the timing of the biopsies or other patient details.
For each patient the electromicrographs of seven capillary
loops in cross section were analyzed, The percentage of the
total area occupied by lumen, cndothelial cell, subendothelial
deposit, basement membrane and mesangial cell were calcu-
lated for each loop. The total area of the capillary loop analyzed
did not extend into the mesangial stalk, which was truncated at
a point approximately equidistant from the capillary lumen to
the surrounding basement membrane. Intracellular vacuolation
or inclusions were considered as part of the total area of the cell
containing them.
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28 weeks Primagravida
190/120 mm Hg; + + + + proteinuria, edema,
urea 4 mmol/liter
28 weeks Primagravida
Hypertensive, nephrotic range
Proteinuria
Normal renal function
Subendothelial deposits fibrinoid material
Swelling and vacuolation endothelial cells
Epithelial cells filled with granules typical
modified peripolar type
Double contour basement membrane frequent
IgA nagative
IgG negative
1gM ++ + capillary loops
Clq + +/+ + + capillary loops
Fibrin irregular, bright staining capillary loops
C3 irregular staining capillary loops.
Abnormal capillary walls
Large subendothelial fibrinoid deposits
Areas of double contour basement membrane
No glomeruli for immunofluorescence.
Diffuse mesangial thickening
Patchy capillary wall thickening by amor-
phous, aurophilic, esinophilic and PAS posi-
tive material lying within argynophilic com-
ponents of wall.
IgA + mesangium
IgG + capillary walls
1gM + mesangium and capillary walls
Fibrin + fiocculant in glomeruli.
4 17 75 28 weeks 28 weeks Primagravida
gestation 160/110 mm Hg, + + + proteinuria
Creatinine 0.06 mmol/liter, urea 2.5 mmol/li-
ter, urate 0.34 mmol/liter
Diffuse subendothelial fibrinoid deposits
Thick basement membrane
No immunofluorescence.
5 — 71 Open biopsy at caesar-
ian section
'Severe pre-eclampsia'
No other clinical details
Glomerular lesions diagnostic of pre-eclampsia
Subendothelial deposits
No immunofluorescence.
6 24 73 34 weeks
gestation
30 weeks Primagravida
150/105 mm Hg, +++ proteinuria, edema
Renal function normal. Clotting profile
N.A.D.
Live birth 34 weeks caesarian section
Some increase cellularity
PAS positive amorphous deposits
Capillary loop thickening
IgA ++ in capillary walls
IgG + faint in capillary walls
1gM ++ in capillary walls
Fibrin + + + in glomeruli
Repeat biopsy 8 months post-partum. Resolu-
tion.
7 20 68 3 days post- 32 weeks
partum
Primagravida. Twin pregnancy
Hypertension, ++ proteinuria
Abnormal renal and liver function
Endothelial expansion
Fibrillary subendothelial deposits
No immunofluorescence.
8 34 77 7 days post- 20 weeks
partum
2 Previous fetal deaths in utero
190/I 15 mm Hg, +++ proteinuria, edema
Urea 6.4 mmol/liter, creatinine 0.07 mmol/li-
ter, urate 0.28 mmol/liter
Induced 21 weeks. Neonatal death 340 g
Patchy capillary wall changes
Diffuse mesangial cell increase with segmental
Accentuation of mesangial substance
IgA negative
lgG negative
1gM + in vessels and mesangium
Fib negative
Repeat biopsy 10 months post-partum. Reso-
lution.
9 28 72 4 days post- 29 weeks
partum
Primagravida
'Very severe' hypertension, +++ proteinuria,
edema
Normal renal function
Fetal death in utero 29 weeks gestation
'Early resolution pre-eclamptic changes'
Translucent subendothelial zones
Hypertensive vessel lesions
IgA + + capillary wall
IgG negative
1gM + + capillary wall
Fibrin ++ + in glomeruli
Repeat biopsy 1 year post-partum. Resolution.
Table I continued next page.
1 26 82 20 weeks
gestation
Table 1. Clinical, light microscopic and immunofluorescent details of patients
Patient Age Year Biopsy Onset PET Clinical features Light microscopy/immunofluorescence
19 weeks Primagravida
140/110 mm Hg; + + + proteinuria.
Cr. II mmol/liter
Urea 6.8 mmol/liter; urate 0.59 mmollliter
D.I.C. screens negative.
Stillbirth 22 weeks gestation: 400 g
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Table 1. Continued
Patient Age Year Biopsy Onset PET
10 34 83 4 days post- 23 weeks
partum
Clinical features
One previous fetal death in utero
145/100 mm Hg, 0.44 g/24 hours proteinuria
Creatinine 0.07 mmol/liter. Clotting screen
NAD
Fetal death in utero 23 weeks
Light microscopy/immunofluorescence
Prominent mesangium
Granulated epithelial cells
Occasional small subendothelial deposits.
IgA negative
IgO negative
1gM — I + granular in mesangium and loops
CJq + in arterioles
Fibrin +/— glomerular capillary ioops
Repeat biopsy 6 months post-partum. Resolu-
tion.
11 26 85 3 days post- 24 weeks
partum
One normal pregnancy (1983)
210/110 mm Hg; 9.7 g/24 hours proteinuria,
edema
Creatinine 0.10 mmol/liter, urea 3.8 mmol/liter
Urate 0.31 mmol/liter
Fetal death in utero 26 weeks. 400 g
"Severe pre-eclampsia"
No immunofluorescence
1986 Biopsy healing pre-eclamptic change 2
years post-partum, LUPUS anticoagulant
positive. Previously negative.
12 20 81 8 days post- 32 weeks
partum
Primagravida
Eclampsia, hypertension, 2.5 g/24 hr protein-
uria
Abnormal renal and liver function tests
Disseminated intravascular coagulation
Pulmonary edema. Acute brain syndrome
Stillbirth 1150 g at 32 weeks
Increased mesangial prominence
Capillary wall thickening
"Chain like" double contours
Occasional mesangial deposits
IgA -I- capillary and mesangium
IgG negative
1gM + + capillary loops and mesangium
Clq + mesangium and vessels
Fibrin occasional granule in glomeruli.
Repeat biopsy 1 year post-partum. Resolution.
13 28 85 7 days post- 24 weeks
partum
Primagravida
200/120 mm Hg, 1.3 g/24 hr proteinuria
Urea 6.7 mmol/liter, creatinine 0.1 mmol/liter
U rate 0.4 mmollliter
Live birth 28 weeks gestation
Reduplication capillary walls
IgA faint capillary stain
IgG negative
1gM faint capillary stain
Clq faint capillary stain
Fibrin negative
Repeat biopsy 2 years post-partum. Resolu-
tion.
14 29 83 3 days post- 25 weeks
partum
One previous normal pregnancy (1980)
175/115 mm Hg, 9 g124 hr, edema
Normal function
Neonatal death 30 weeks gestation; congenital
abnormalities
Scattered subendothelial deposits
Epithelial cells with droplets
Double contours in basement membrane
A little free fibrin in Bowmans space
IgA diffuse, light staining basement membrane
IgG diffuse, light staining basement membrane
1gM + + + + glomerular loops
Fibrin faint, diffuse staining glomerular base-
ment membrane
Repeat biopsy 1 year post-partum. Resolution.
15 24 75 9 days post- 34 weeks
partum
One previous pregnancy PET 35 weeks
150/100 mm Hg, +++ proteinuria
Normal renal function
Live birth 35 weeks gestation
Patchy argyrophilic reduplication of capillary
walls
Diffuse mesangial increase
Occasional foam cells
IgA negative
IgG negative
1gM negative
Fibrinogen negative
Complements C3 negative.
16 29 70 4 days post- 33 weeks
partum
Primagravida
160/100 mm Fig, +++ proteinuria, edema
Abnormal renal function
Fetal death in utero 38 weeks 3.4 kg
Pre-eclampsia + post-partum thrombotic mi-
croangiopathy
IgA negative
Igo + in glomeruli
1gM + + in glomeruli
Fibrinogen + + + in glomeruli
C3 negative
Repeat biopsy 1 year post-partum. Resolution.
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Fig. 1. Electron micrograph ofpre-eclamptic patient biopsied at 20 weeks gestation. Abbreviations are: L, lumen; E, endothial cell; M, mesangial
cell; B.M, basement membrane; D, deposits; (— — —) area included in morphometric analysis.
The morphometric assessment of the two groups of patients
was performed; for each patient the median percentage of each
glomerular component was calculated. Comparison between
pregnant and post-partum groups was performed for the median
percentage of each component per patient. Data was compared
using the Wilcoxon rank test.
Following the completion of morphometric analysis clinical,
light microscopic and immunofluorescence details of the pa-
tients and their biopsies were collated.
Results
Clinical data of the patients and the light microscopic and
immunofluorescent appearances of their renal biopsies is sum-
marized in Table 1. The onset of pre-eclampsia was similar in
both groups, ranging from 19 to 30 weeks gestation in the
pregnancy group and 20 to 33 weeks in the post-partum group.
Resolution of the clinical features of pre-eclampsia occurred
post-partum in all of the patients studied. Nine patients who
underwent repeat renal biopsy 6 to 24 months post-partum all
showed resolution of pre-eclampsia change. No patient was
considered to have had an underlying primary glomerulonephri-
tis.
Subendothelial deposits could be clearly identified on all
renal biopsies performed during pregnancy. The staining char-
acteristics and immunofluorescence of these deposits was
clearly that of a fibrin-like complex. The typical electron
microscopic appearances of the pregnant and post-partum
groups are shown in Figures 1 and 2, respectively. In both
groups the lumens were narrowed and endothelial cells en-
larged. In biopsies taken during pregnancy, or at gestation, a
substantial percentage of total capillary loop area was occupied
by subendothelial electron-dense deposits which could be
clearly distinguished from basement membrane material (Fig.
1). In contrast, electron-dense subendothelial deposits were
rarely found in post-partum renal biopsies (Fig. 2).
The comparison between the percentage total area occupied
by the various components of the capillary loop in pregnant
versus post-partum groups is shown in Fig. 3. The range of
median percentage lumen of pregnant patients (12 to 23%) was
not significantly different from that of the post-partum group (11
to 48%). This may reflect a Type 2 statistical error, however, as
consideration of Figure 3 suggests that the trend was towards
greater capillary lumen area in biopsies performed post-partum.
Endothelial cell occupied a median of 25% (range 15 to 31%
of total area) in the pregnant group, similar to 29% (range 16 to
50%) in the post-partum group. Thus, there was to be no early
reduction in the degree of endothelial expansion in post-partum
biopsies. In only one case, a biopsy performed nine days
post-partum, was widespread endothelial cell vacuolation a
predominant feature.
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Fig. 2. Electron micrograph ofpre-eclamptic patient biopsied at 7 days post-partum. Abbreviations are: L, lumen; F, endothial cell; M, mesangial
cell; BM, basement membrane; D, deposits; (— — —) area included in morphometric analysis.
In contrast, the percentage area occupied by subendothelial
deposits was substantially higher in pregnant compared with
post-partum women. The median percentage per patient ranged
from 14 to 32% in the pregnant group, compared with 0 to 20%
in the postpartum group (P C 0.01). Analysis of all ioops
confirmed the substantial, but variable, percentage total area
occupied by deposits in pregnancy biopsies (median 24%, range
S to 54%). The post-partum group had far fewer deposits, and in
nearly half the loops analyzed none at all. The median percent-
age of all loops occupied by deposits in the postpartum group
was 4% (range 0 to 34%).
The areas occupied by mesangial cells were similar for
pregnancy and post-partum groups and were small, reflecting
the exclusion of mesangial stalk from the area of analysis. The
median percentage area of all loops was 8% (range 1 to 28%) in
pregnancy and 6% (range 1 to 31%) in the post-partum group.
Basement membrane, which was distinguished from suben-
dothelial deposits by its electron density, also occupied a
similar percentage total area in pregnant (median 18%, range 5
to 34%) and post-partum groups (median 21%, range 5 to 44%).
Figure 4 shows the percentage total area occupied by each of
the capillary loop components plotted against time. The per-
centage occupied by deposits appears to decrease rapidly
post-partum, being absent from almost all loops in biopsies
performed after four days post-partum (Fig. 4).
Discussion
The characteristic light microscopic appearances of pre-
eclampsia were first described 70 years ago [3, 4]. However
electron microscopic examination has proved necessary to
identify which component or components of the glomerular
capillary wall contribute to its apparent expansion leading to
occlusion of the capillary lumen [15]. Endothelial cell expansion
[7, 16, 17], subendothelial deposits [8, 9], and mesangial cell
interposition [10, 11] have all been described as the predomi-
nant change. However, the timing of renal biopsy varies be-
tween studies. If, as first suggested by Altchek 112], lesions of
pre-eclampsia develop in sequence, this variation in timing of
renal biopsy might account for the controversy surrounding the
pathogomonic appearances of glomeruli in pre-eclampsia.
This study is the first, to our knowledge, to apply morpho-
metric analysis of the glomerular lesions of pre-eclampsia in
renal biopsies taken during pregnancy and the early post-
partum period. We have confirmed the wide spread but variable
capillary occlusion reported by others in biopsies performed
both during pregnancy [2, 6, 7] and in the early post-partum
period [8]. The higher percentage occupied by lumens in the
post-pai-tum group in our study (though a non-statistical differ-
ence) may reflect the early resolution of pre-eclampsia previ-
ously documented on repeat biopsies in the same patient [7].
The relative importance of endothelial cell swelling, or
endotheliosis, and of subendothelial deposits in producing
capillary wall thickening is controversial, Spargo et al [16], on
reviewing 150 biopsies from women with mild to severe pre-
eclampsia, found 'endotheliosis' the only consistent feature and
electron dense deposits rare. Information on the timing of these
biopsies was not given however. Pollak and Nettles [2] found
that women biopsied at the height of their 'toxaemic' illness all
showed edema of endothelial cells, while only those with most
severe clinical features demonstrated additional fibrinoid depo-
sition. Sheehan [17] reporting on post-mortem tissue obtained
less than two hours after death in women with severe
'toxaemia' found marked endotheliosis to be the predominant
change. By contrast, Hooper et al [8] reported that glomeruli
from four women biopsied either at gestation or in the early
post-partum period all showed subendothetial and interendothe-
ha! deposits. They suggested that the post-partum disappear-
ance of these deposits was associated with the appearance of
dense deposits within the endothelial cytoplasm, suggesting a
role for this cell in the clearance of the deposits. Kincaid-Smith
[9] reported similar subendothelial deposits as the predominant
change in early post-partum biopsies from pre-eclamptic
women.
From the present study it appears that in biopsies performed
in pregnancy or at delivery, endothehial cell and subendothelial
deposits occupy roughly the same area and therefore contribute
equally to capillary wall thickness. Deposits are found far less
frequently in post-partum biopsies, while endothelial cell swell-
ing appears to persist to the same degree for at least a week
post-partum. The temporal relationship of declining area occu-
pied by deposits with time post-partum suggests some active
clearance mechanism is taking place. It appears that the early
resolution of capillary lumen occlusion is almost completely
accounted for by this since other components of the glomerular
wall do not vary in the percentage total area which they occupy
pre- and post-partum.
Although this study is the first morphometric assessment of
subendothelial deposits in pregnancy and the early post-partum
period, the rapid disappearance of the flbrin-like complex from
biopsies performed post-partum has been recorded by others.
Fiaschi and Naccarato [18] reported positive immunofluores-
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cence for anti-human fibrinogen in 11 renal biopsies performed
in pregnancy or post-partum (1 hr to 15 days) in women with
eclampsia or pre-eclampsia, but no positive immunofluores-
cence in five renal biopsies obtained between eight months to
three years post-partum in similar patients. Vassalli, Morris and
McClusky [19], studying 11 women with pre-eclampsia biopsied
either during pregnancy or before seven days post-partum,
demonstrated positive staining with anti-fibrin serum within
endothelial cells and occasionally along the basement mem-
brane, despite the absence of fibrinoid deposits on light micros-
copy. Two patients were biopsied both during pregnancy and
post-partum (4 and 7 days), and while glomeruli still contained
fibrin in the post-partum biopsies staining was less intense than
in pregnancy.
In contrast to Seymour et a! [20] and Tribe et a! [21], we did
not find mesangial expansion and interposition between endo-
thelial cell and basement membrane to be a dominant feature.
This is reflected in the relatively low percentage total area
occupied by mesangial cell in both pregnant and post-partum
patients in our study.
It should be noted, however, that any mesangial expansion
into the area of analysis would be abnormal. Differences in the
timing of renal biopsy might explain the disparity between our
results and those of Seymour et a! [20] and Tribe et a! [21].
Seymour et a! biopsied 9 of 17 patients, and Tribe et al 8 of 11
patients, after eight days post-partum. It is possible that the
marked mesangial cell interposition and replication of basement
membrane, as described by Kincaid-Smith [91, represents a
relatively late healing phase in the resolution of pre-eclampsia.
Supporting this hypothesis is the report of Oe et at [221, who
found no endothelial swelling but marked mesangial activity in
22 patients biopsied 10 to 14 days post-delivery.
In conclusion, we believe that the characteristic glomerular
lesions of pre-eclampsia are seen during pregnancy or at gesta-
tion. Biopsies taken at this time reveal large subendothelia!
deposits in addition to endothelial cell swelling and lumenal
encroachment. Post-partum histological lesions resolve in se-
quence, with rapid disappearance of deposits but persistence of
endotheliosis in the first week post-partum.
Reprint requests to Priscilla Kincaid-Smith, Department of Nephrol-
ogy, Royal Melbourne Hospital, Post Office 3050, Victoria, Australia.
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